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1. 

USER'S GUIDE: SEDES 

by 
John F. Cassidy, Jr. 

I. Introduction 

A. Purpose: SOCES is a d i g i t a l  computer program wr i t ten  i n  Fortran IV 

which solves a var ie ty  of SOC and SOC re l a t ed  time invari-  

ant,  semi-infinite t im in te rva l  optimal control  problems. 

It w i l l  handle SOC and SOC s e n s i t i v i t y  problems with 

Reverse problem and f i l t e r  design options. 

can solve the allstate problem. 

Moreover it 

B. Method: The necessary conditions defining the various SOC pro3lems 
1 are solved v i a  Newton-Raphson i t e r a t ion .  The Lyapunov 

s t a b i l i t y  equations are solved by an eigensystem approach. 

The a l s t a t e  problem is solved by Kleiman's  method. 

The program consis ts  of a main and 14 subroutines which 

we b r i e f l y  described as follows. 
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C . Structure:  

M A I N -  I n i t i a l i z e s ;  controls  various subroutines; inputs, outputs; 

calculates gain function, jacobian and stopping tolerances; 

and evaluates cos t  index. 

DlNP - Allows flexible input of matrix data. 

LYPEIG - Solves general  Lyapunov s t a b i l i t y  equation via eigensystem 

a2proach. 

CALEW - Calculates ETA matrix used i n  LYPEIG. 

HESSEN - Calculates EIessenberg form of matrix p r io r  t o  allow 

e f f i c i e n t  calculat ion of eigenvalues by W I G .  



W I G  - 

WT - 
HSQ,R - 
EIGVEC - 

DL3N - 

AQCAL - 

RIMLTLT - 
PSOLV - 

RAYL - 

RICKA - 

Calculates eigenvalues f o r  a general non-symmetrix matrix 

by the QR method. 

Used by &REIG. 

Squares a given matrix p r io r  f o r  use by EIGUEC. 

Finds eigenvectors f o r  a general  non-symmetric matrix 

by the Inverse I t e r a t ion  method. 

Solves l i n e a r  algebraic simultaneous equations o r  inver t s  

matrices. 

Allows flexible readin or calculat ion of the  s e n s i t i v i t y  

tensor, A& 

Multiplies complex numbers. 

Calculation R i c a t t i  matrix f o r  a given set of feedback 

gains.  

Calculates improved estimates of eigenvalues by Rayleigh 

coef f ic ien t  method. 

Solves the allstate optimal cont ro l  problem and Ricatt i  

equation. 

I1 Problem Definit ions 

SOCDES solves three basic problems which are defined below. I n  

a l l  cases the  l i n e a r  system under consideration i s  described by 

- = Ax - + Bu ; - ~ ( 0 )  = C  (1) 

where x is an NS element state vector, - u i s  an NC e l e m n t  control  vector 

and A and B are the  system and control  coef f ic ien t  matrices respectively.  

- 



A .  Allstate Problem 

T T  The control, - u, i s  chosen t o  minimize, (x  - Sx+u - -  Qu)dt - 
subject t o  Eq. 3. The optimal control  uo has a l i n e a r  feeuback structure - 
and i s  given by 

where P i s  the solut ion t o  the  Ricat t i  equation. 

( 3 )  
T -1 T A P + P A + S - P B Q  B P = O  

Given A, B, S, Q, and an i n i t i a l  stable guess f o r  K, SOCDES solves Eq. 2 

and 3 and p r in t s  P and K. 

B.  SOC Problem 

2' The control,  - u, i s  chosen t o  minimize J 
f l  

= &  \ ( x s x c x s x + x w u + x  - -  - -  m - -  T - T i T  ~ + u Q u ) d t  T 
J2 2 

0 

subject t o  Eq. (1) and the SOC control  s t ruc ture  constraints .  These con- 

t r o l  constraints  are selected by the user and require  that each control  

be l i n e a r  feedback of only the  available states. The program allows a 

more general  control  s t ruc ture  than i s  indicated i n  reference 1. L e t  

the first NLT states be available;  then i n  the case of multiple controls  

(NC 2 2 )  a d i f f e ren t  combination of from 1 t o  all of the avai lable  states 

may appear i n  each control .  t h  The i and jth optimal feedback gains are 

defined by 
rn 

-1 T W" 
= ( Q  (B P + F ) ) ~ ~  K. 1 3  

where F i s  the solut ion t o  

(4) 

P + P AK + S + KQK? = 0 *K (5)  
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and K has zero values 

the controls .  L e t  I K  

tu re ,  i.e., 

come sponding 

be a NU by NC 

t o  the states t h a t  w i l l  not appear i n  

matrix which defines t h e  gain struc- 

1 

0 otherwise 

if  ith jth gain is  non-zero 
IK= [ 
Given A, By Q, S, W and a stable i n i t i a l  guess f o r  K, SOClXlS w i l l  

calculate  the optimal value of K by Newton-Raphson i t e r a t ion  of the gain 

function equation Eq. (6) obtained from the reduced necessary conditions, 

Eq. (4) and (5) while the R i c a t t i  equation, Eq. (5) ac t s  as a constant. 

rn 

A A 
The values of W and S are  not required since their defini t ions -re used 

t o  generate the reduced necessary conditions. 

A t  the use r ' s  option, SOCllFS w i l l  solve the Reverse SOC problem. 

Given a s tab le  set of feedback gains, SOCDES w i l l  f i n d  a cost index 

defining a SOC problem f o r  which the given gains are the  optimal solutions.  

Given K and an arbitrary choice of a posi t ive de f in i t e  Q and posit ive 

semi-definite S, SGCDES w i l l  calculate  W t o  complete the def in i t ion  of 

the index, 8 and ^w are not calculated but  may be found f o r  their res- 

pective def in i t ions  . 
C . Sens i t iv i ty  Problems 

Assume that A and B matrices describing the system are functions 

The pa- of a parmeter vector, g, containing NPA pareters  (NPA L 3 ) .  

rameters have constant but unknown values which l i e  somewhere near the 



known nominal values 

-i’ z aze defined as follows. 

The first order t r a j e c t o r y  s e n s i t i v i t y  var iables , .  

i = 1, NPA 

- 
AK - 
si 

4 An augmented state vector,  x, and augwnted control  ^u are formal. 

and u and m are required t o  have the iden t i ca l  specif ied SOC s t ruc ture  i n  

which ne i ther  the unavailable states nor the s e n s i t i v i t y  var iab les  are 

f ed  back. 

m = - $ z  i -i 

3’ Then - .I: i s  chosen t o  minimize, J 

AT A TA fiT 4% 40% 

( & S ! + ; t S $ + X  @ + , x  u + @ u ) d t  
1 J3 = 2 

where 

S =  ; Si is a NS by NS pas t i t i on  
block 
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L 

pnpa+l T p2npa+l T 

p2. 0 * = ' . o  
P1 
pnpa+2 

b 
I 
# c 

' '. a 20 

0 '  ' 0  

0 .  ' -  9 =  1- 
z 

* '2npa+l 
P 

# 

and 

~~ 

0 

0 

Qnpa+l 

I Qi i s  a NC by NC p a r t i t i o n  block 

subject t o  the dynamics of Eq. (1) and the SOC constraints  of Eq. (7) 

and (8) .  
i i  

Given A, B, Q , S , W, AKqi, and a stable guess f o r  K, SOCDES 

w i l l  ca lcu la te  the optimal value of K by Newton Raphson i t e r a t i o n  of 

t he  gain function equation. The S X  s e n s i t i v i t y  problem enjoys all of 

the features of the regular SOC problem including the Reverse problem 

and expanded multiple cont ro l  structure capab i l i t i e s .  The augmented 

Ricatt i  matrix can be par t i t ioned  i n t o  NS by NS blocks. Since som of 

the blocks are i d e n t i c d l y  zero, only the non-zero blocks are pr inted 

The basic  dynamics of the f i l t e r  are chosen by the user and augmented t o  

the plant  dynamics. With the aid of the multiple control  structure feature,  

SOCDES solves either SOC problems and produces the poles and zeros of the 

f i l t e r  as well as feedback gains.  



The general  features of t h e  SOCDES program are shown i n  Block 

Diagram 1. 

the start of execution. A f t e r  each problem is  solved, the  optimal index 

i s  evaluated and the  average, maximum, and minimum values for any un i t  

length i n i t i a l  conditions are pr inted.  If t he  regular SOC problem is  

solved, the user may elect  t o  solve the allstate problem and compare the 

solut ions.  

SOC t o  allstate indices i s  calculated f o r  all i n i t i a l  conditions such t h a t  

the optimal value of t he  allstate index i s  one. The user may e l e c t  t o  

create  and solve a new problem by introducing new weightings. There 

weightings may be read i n  or  obtained by adding previously read i n  weighting 

perturbations t o  the  present weightings. 

allows the  user  t o  place one data  set after another t o  solve d i f f e ren t  

problems w i t h  the  same run. Note t h a t  for a regular SOC problem, W may 

be read i n  or calculated by a Reverse problem solut ion.  

The options are control led by the  user v i a  data  read i n  at  

The average, maximum and minimum values of the  r a t i o  of the  

4 

A basic multiple run option 

I11 U s e  of the Program 

I n  t h i s  sect ion the input and output var iables  are defined, the 

user  wr i t ten  subroutines are explained and a sample problem with output 

is  presented. 

There are two basic  types of input data, program control  data  and 

problem data .  

i n  Table 1 while the  problem data  is  defined i n  Table 2.  The flexible 

input scheme of SOCDES allows the user  t o  modify two subroutines, AQCAL 

and DINP. Subroutine AQCAL zeros A& and then branches on the  data  set 

A n  alphabet ical  l i s t i n g  of program control  var iables  appears 
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number, I C 1 .  Since i n  general  AQ i s  a sparse matrix the user may specify 

the  non-zero elements of A& at  the proper branch points  or elect t o  read 

i n  AQ i n  the format of his  choice. Subroutine DINP reads i n  by columns 

A, B, K,S, and Q i n  a standard 5315.5 format. However if long problems 

are solved, NSX-5, then a more compact format such as the A format may 

be used. This format may be changed and t h i s  small subroutine can be 

compiled without t he  recompilation of the rest of SOCDES. The standard 

format for i n p t  da ta  i s  described i n  Table 3. After read i n  most of the 

data  i s  pr inted out f o r  checking purposes and future reference. Also, 

the user may label  each run w i t h  up t o  160 characters. 

Example Problem 

Consider a second order l i n e a r  system w i t h  two inaccurately k n o k  

plant  paraaeters,  a and b. A s s m  tha t  the first state is available 

and that a and b have nominal values of zero. 

L e t  k = 2 be the i n i t i a l  guess for the feedback gain. Let us solve the 

Reverse problem for the following weightings and update the s e n s i t i v i t y  

weighting twice by the iden t i ty  matrix and solve the corresponding ,503 

s e n s i t i v i t y  problems e 
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2 ; DS = DS3 = DS’ = [: 
We w i l l  allow a maximum of 15 i t e r a t ions ,  p r i n t  as much as possible after 

each. i t e r a t ion ,  and s top  when the  gain tolerance i s  below .0001. To run 

t h i s  problem the  da t a  cards t o  be used are described i n  Table 4 and standard 

versions of AQCAL and DINP are shown i n  Tables 5 and 6. 

indicates  a blank i n  a numerical data  f i e l d .  The ac tua l  data  cards are 

shown i n  Fig.  1 and the  ac tua l  output i s  given i n  Fig. 2. 

t 

The le t te r  b 

N Restr ic t ions 

A.  The o r ig ina l  feedback gain guess f o r  each problem must correspond 

t o  a stable closed loop  system. The guess may be zero i f  the  open loop 

system i s  s tab le .  

the stable gains from the  previous problem w i l l  be used t o  i n i t i a t e  the  

new problem. 

Raphs on algorithm . 

If ICASEk 1, and no numerical problems are encountered, 

This r e s t r i c t i o n  i s  necessary f o r  convergence of the Newton 

B. The state and control  weightings must be diagonal. This i s  a 

programming r e s t r i c t i o n  made t o  conserve input-output e f f o r t .  For most 

problems diagonal weightings are su f f i c i en t .  

C .  The present dimensions of the program impose the  following 

limits. 

NS 25, NC A 25, NPA 1-3, N J C  25 

D. If the closed loop system, 4( = A - BZ, has repeated roots,  

the program may fail ,  since a f u l l  set of independent eigenvectors may 

not exist. 

warning message and attempt t o  f i n d  a full set of eigenvectors. 

If EICNEC encounters repeated eigenvectors, it w i l l  p r i n t  a 
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E.  I n  order t o  insure the existence of a solut ion t o  a SOC problem, 

posi t ive def in i te ,  and the state weighting, 

and o-xervable. Since S is  posi t ive i 

i the  cont ro l  weighting, 0, , mst be 

S , must be posi t ive semi-definite i 

semi-definite, it can be factored.  

i T  
S = H  H 

SL i s  sa id  t o  be observable if (H,A) are an observable p a i r  as ticdined by 

Kalman. 
4 

V. User Hints 

A. !Fhe choice of the gain stopping tolerance may require some care. 

For some problems on some computers w i t h  short  word lengths, round-off and 

truncation e r ro r s  m y  prevent the Newton Raphson algorithm from reducing 

the gain flznction below a ce r t a in  value. 

ch ige  stopping tolerance rather than a gain function norm, since the 

f o m r  is  less sens i t ive  t o  problems of t h i s  type. It is usual ly  more 

e f f i c i e n t  t o  pick a large tolerance .05 or . O l  and then reduce it t o  ~ J O - ~  

SOCDES uses a percentage gain 

or  ~ J O - ~  on later runs i f  no numerical problems develop. 

B. If state, control,  and cross  term weightings are chosen arbi-  

t r a r i l y ,  there i s  no guarantee t ha t  a solut ion t o  the SOC problem exists. 

A conservative procedure i s  t o  solve the Reverse problem and then probe 

the stable gain space by perturbing t5e weightings. 

C .  Care must be taken i n  the choice of the  weightings. Aside from 

t heo re t i ca l  considerations, an improper choice of weightings matrices may 

lead  t o  numerical problems. If the i n i t i a l  choice of S and Q are a r b i -  

t r a r y  such as i n  the  Reverse problem, then the following suggestion may 

i i 
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reduce numerical problems. After the choice of an in i t ia l .  gain matrix i s  

made, then the elements of the weighting matrices may be chosen so that 

the norms of the s t a t e  weighting matrices and K& K are of the same order i T  

of magnitude. For the example problem, the given weightings would be a 

poor choice w i t h  an i n i t i a l  guess of k = 50. I n  t h i s  case Q1 = Q2 = Q3 = .001 

would be a much better choice. 
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TABLE 1 PROGRAM CONTROL DA,TA 

Symbol rnP VaLue Definit ion 

INCASE Integer  - The number of d i f f e ren t  weightings 
sets and l i n e a r  problems t o  be solved 
for a par t icu lar  data  set .  
FEVPRB def in i t ion  (. 

See 

I C R  Integer 0 Weighting increlnents are read i n  
and weightings are updated. 

1 New weightings are read i n .  

I C 1  Integer  P Data set number. 

IC2 Integer  Y Nmber of month: current Gate. 

Integer  I Number of day. I C 3  

I C 4  Integer  - L a s t  two d i g i t s  of year 

IIMY Integer  m Number of times Rayleigh coef f ic ien ts  
t o  be used. 

I K  Integer  s Gain ind ica tor  matrix ; defined 
matrix i n  Section 11. 

ILAB Integer  s Data set l a b e l  
vector  

2 

1 

0 

IPRT Integer  P r in t  contro1,After each i terat ioi l ,  
p r in t  :-- 
I t e r a t i o n  number, current and 
stopping gain tolerances, current 
gains and gain change, and eigen- 
values of closed loop system. 
Above plus gain function and 
Jacobian. 
Above plus lower t r iangular  portion 
of symmetric R i c a t t i  matrix. 

After problem i s  solved, print:- 

.._. . - 
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TABU 1 con' t  

2 I te ra t ions  needed to  solve problem, 
f i n a l  and stopping gain tolerances, 
gains, and eigenvalues of closed 
loop systems. 
Above plus gain function matrix. 
Above plus lower t r iangular  portion 
of symmetric R i c a t t i  matrix. 

1 
0 

I R I C  Integer Allstate solutioii control .  
0 No solut ion 
1 Solve allstate f o r  comparison 

with SOC solut ion.  
2 Solve allstate problem only. 

KSTOL R e a l  - Gain stopping tolerances.  I te ra t ions  
cease when $J change of each gains 
is  less than KSTOL. 

MAXIT Integer - Maximum number of i t e r a t ions  i f  
tolerance i s  not obtained after 
MAXIT i t e r a t ions  warning message 
is  pr inted and program solves 
current values and goes on t o  
next s tep .  

REVPRB Integer Reverse pro-ulem control  
0 Reverse problem i s  not solved and 

W is  read in .  
problem i s  t o  solved (IRIC=2), 
then WPRB should be 0 and a l l  
z&ro values of W ( N U  by NC) should 
be read i n .  

If oaly the allstate 

1 lieverse proislem i s  solved. If 

obtained under control  of ICR. 
0, new weightings are 

.. . 



TAl3L;E 2 PROBWM DATA 

Symbol Type Definit ion 

A R e d  matrix 
* 

System matrix, s=k- + Bu 
t 

- 

B Real matrix Control coef f ic ien t  matrix 
r 

I Real matrix 

K Real matrix Feedback gain matrix (NU by N C ) .  The 
zero gains corresponding t o  the unavaikble  
states are not read in .  If a control  
does not d-epend on a l l  of the avail- 
able states, zeros are read i n  at  the 
proper locat ions.  

I Nc 

~~ 

Integer  Number of controls .  -1 /---- Integer  T o t a l  number of non-zero feedback gains. 

NPA Integer  Number of p a r e t e r s ,  NPAS 3. If 
NPA = 0, then SOC problem i s  solved. 

NS Integer  Number of state variables. 

lw Integer  Number of availa3le states. 

Q Real matrix Control weighting. To reduce input 
e f f o r t ,  diagonal weighting matrices 
are assumed. Q( i, j ) = QiiJ 

~ ~ ~~ ~~ - ~~ ~ ~~ ~~ 

S Real matrix S ta t e  weighting S( i, j )  = S i i j  

W Real matrix Cross t e r m  weighting. Since dements  
of W corresponding t o  the unavailable 
states are zero, only the  upper IXi by NC 
portion of W i s  considered. 
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TABLE 3 STANDAlUI INplpT FORMAT 

er  of Cards Variable Format Comments 

1 Iei, 1c2,1c3,1c4 4-12 Data set number and date 

2 ILAB 2OA4 Up t o  160 characters 

NS, NC, NLT, NJ, NPA 1615 See Table 2 

REVF'FU3, ICASE, ICR, 1615 
I R I C ,  I IRAY 

See Table 1 

NC *Nu 
IT- I K  1615 NC*1w elements Table 1 

I 1 WIT, IPRT, KSTOL 215, E ~ O  0 See Table 1 

A* 5 elements per card 
T a b l e  2 

I -  5 B* 5E15 '5 See Table 2 

K* 5E15 5 Upper NU by NC portion 
of feedback gain matrix 

NS( NPA+lr 
5 S* 5E15 9 5 onal state mi 

Table 2 

5E15 ' 5 Diagonal control mi 

Whese variables are read i n  via Su l s r s~ t i  



NS( NPA+l) 
5 DS 5E15 *5 If ICR=O diagonal elements 

of DS read in  here. 
S=S+DS 

w NC( NPA+1) 
5 If E R = O  diagonal elements 

of DQ read in  here. Q=Q+P& 

DW 5E15 5 If ICR=O, upper NC-NIJ 
portion of DW read i n  
here. W=W+DW 

NC -NU - 
5 

S M  NS( NPA+l) 
5 5E15 -5 If ICR=l ,  read new S 

Q"c 
NC( N P A + ~ )  

5 5E15 5 If ICR=l ,  read new Q 

5E15 * 5 If I C R = l ,  read new W 

**If the Reverse problem i s  not solved then these variables are not read 
in  fo r  the first pro'ulem. 
S,Q, and W are placed a f t e r  the f irst  se t .  

Consistent with ICASE additional values of 
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TABII;E 4 SAMPLE PROBLEM DATA 

Card Number Data Format conment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

blb8b169 

"2nd Order 
Sample Problem" 

1 

15,0, . 0001 

0, 0,1, -2 

2 

4-14 

2 OA4 

1615 

1615 

1615 

215,E20*0 

5E15 -5 

11  

I 1  

11 

I t  

11 

I 1  

I f  

11 

11 

Run number and date 

l a b e l  card 

blank l a b e l  card 

NS, NC, NU, N J ,  NPA 

WPRB, IC-, ICR, I R I C  
I I R A Y  

IK 

MAXIT, IPRT, KSTOL 

A 

B 

K 

S 

S 

Q 

DS 

DS 

DW 



TABU3 5 AQCAL 

Subroutine AQCAL (A&, NS,NPA, I C 1 )  

Dimension AQ( 10,10,3) 

DO 10 L = 1,NPA 

DO 10 I = 1, NS 

DO 10 J = 1,NS 

i o  AQ(I,J,L) = 0.0 

Go t o  (100,200,300,400,500), I C 1  

100 Continue 

AQ,(1,1,2) = 1.0 

A&( 2,1,1) =-1 0 

Re t u r n  

200 Continue 

Re t u r n  

300 Continue 

Re t u r n  

400 Continue 

Re t u r n  

$00 Continue 

Return 

End 
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TABLE 6 DINP 

Subroutine DINP (A,B,K, S,Q,NS,NC,EJU,NOP) 

M a  K(25,25) 

D*nsion A( 25,25 ) 7 B( 25,25 j S(25,25 ) , Q(25,25 ) 

15 Fomat (5E15.5) 

IO1=1 

Read (101,15) ( ( A ( I , J ) ,  I=l,NS), J=l,NS) 

Read (101,Pj) ((B( I,J), I = l , N S ) ,  J = l , N C )  

Read (I01,15) ( ( K ( I , J ) y  I = l , N U ) ,  J = l , N C )  

Read (101,15) ( (S ( I , J ) ,  I=l,NS), J=l,NOP) 

Read (10145) ((&( I,J), I=l,NC), J=l,NOP) 

Re turn 

End 
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46. 
122 fORMAT(//T409'+ JACOBIAN HATRIX * @ / / I  
124 FORHAT(/IT4Op@* GAIN INDICATOR MATRIX * a , / / )  

AT{/IVLOo 'TPE E ARE '9OI30' NGN-ZERC FEECEACK G A I I \ I S s * )  
ATIJ///f309'* CHARACTERISTIC SCOTS CF CLGSFC L C O P  S Y S i E P  

% *  ~ + Q s / / T b 5 ~ ' K E A h ' ~ T 2 7 ~ ~ I ~ ~ G i N A R V O p T 5 5 0 " R E A L ' ~ i b 7 p ~ I ~ A ~ I ~ A R ~ ~ /  
2 

132 RMAT TLO ,61385 eY25 p G 1 3 a 5 0  50rG13.5rV65rG13e51 
135 LOWER TRIANGULAR PORTICK CF RICATTl M A T R I X ,  

F BLOCK ' 0 I 2 9 ~  @ @ p / / / )  

138 fORHATI412) 
140 FORMATI///T3p'.*r** EhiD OF RUN N U M B E R  '~12~T50~I?p8/'~,I2,'/P( 

m 9 5 x 9 - * w )  
142 FORMA?I///T409'* A Q  - PARAMETER NUMBER ' 9 1 3 9 '  * @ / / I  
145 FORHAT[////T3Ou'*++ C O S T  INOEX EVALU4TION *+'///T20pqTFf C O S T  

ZTLOp'AVERAGE C O S T  = *pGl2r4/TLOp'MAXIMUM C O S T  = '9G12.4/TlI,'b'ILIM 
3UH CCST = '9G12.4) 

f'++*~'//T20920A4~/T20,20A4/ 

1 l H A T  THE ALLSTATE COST IS w q I T Y 9  '/T209 'A P E R F C Y N A Q C E  I N G I C A T C R  IS FC4MFL 

lSTe'///TlO,'AVERAGE INDICATOR = ' ,Gl2.4/Tl:39'MhXIPUP IiJDICATCK = " 
loG12s4/TlOp'MJNIMUP INDICATOR = 'pG12.4//1 

l e / / / )  

P INDEX IS EVALUATED FOR U N I T  L E N G T H  INITIAL CONGITIORf V F C T C Y S e ' / / / /  

147 FORMATt////T3tar*** RUfV NUMBER ' p f 2 ~ T 5 0 ~ 1 2 o ' / ' p I 2 ~ ' / ' , I Z t 5 X ,  

148 FORMAT1///122~'WWITH RESPECT TG ALL INITIAL CGNGITIUN V E C T C K S  SUCH 

1FOHNEO BY CALCULATING THE RATIO OF TPE SCC C G S T  T C  THE ALLSTATE C f l  

152 FORHAT4//TlOp'THE RAYLEIGH CGEFFICIENTS KILL B E  USEL; '9I39' TIM+=S. 

c D A T A  INPbT AND INITIALIZATICK 

IO3=3  
ICK=1 
ICK=O 
I ss=o 
€PS=lrC)E-15 

READ(IOlp138? IClrIC2pIC3oIC4 

READ 1101,25) NSpNCpNU9NJVNPA 
REAOlIOlp25) R E V P R B $ I C A S E , Z C R , i R I C , I I R 4 Y  

WRITE(I03el) 

C READ AND W H I T E  C A T A e  

R E A D ~ ~ O P ~ ~ ~ )  i L m  

c SKIP Til NEXT PAGE AND WRITE HEACING. 

TElI03p147? lClrIC2pIC3pIC4pZhAB 

NP2=NP*NP 
W ~ ~ ~ € ~ ~ ~ ~ ~ 1 0 2 ~  NS,RC,NU 
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48. 



49. 



c W A X I T  = M A X I f f U M  NUMBER OF I T E R A T I O N S ,  
697 CONTINUE 

DO PO00 I S A = l r M - A X I I  
IF4IAIG-2) 6 9 9 , 5 0 0 0 , 6 9 9  

699 I T A = I 3 A - 1  
c ITERATZONS WILL STCP WHEN P E R C € N T A G E  G A I N  CHANGE I S  OELGW 
C SPECIFIED VALUE, KSTOLo 
C f P R f  CONTROLS P R I N T  OPTION,  
C 
C SOLVE FOB P, 
C AK@P+PRKs-S-KCK 

00 700 I = ~ l r h i S  
00 700 J t l r N S  
AKlIrJ)=AlI,J) 
DO 700 L=l,NC 
IF4NU-J 1 7 0 0 ,  6949694 

IFIKZ)  69617009696 
6 9 4  K Z = I K ( J , L )  

696 A K ~ l r J ) ~ A K t l , J ) - B ( I , L ) ~ K t J , ~ )  
700 CONTINUE 

CALL PSCLV(AKIP ,S , IRAY)  
C CALCULATE G A I N  F U N T I O N  M A T R I X  G F M *  
C GFHr(WZ+P8)* C(INVERS1 - K 

DO 710 I = L , N U  
DO 7f0 J t l e N C  
KZ=IKti,J) 
I F ~ K Z )  7 0 9 , 7 1 0 , 7 0 9  

7 0 9  DUH(IqJ)=W21I,J) 

711 DU~lI,J1=OU~lIrJ)+P1IrLIL),R(FoJ) 
DO 711 L=l,NS 

7 1 0  CONTINUE 
DO 721 I a l p N U  
DO 7 2 1  J = l , N C  
I ( Z = I K I I 1 J I  
I f  tKZ) 7 1 9 , 7 2 1 , 7 1 9  

7 1 9  GFnl11J)=-KlltJ)+DUM[IrJ)~~ItJ,L) 
1 2 1  CONTINUE 

c PRINT OPTIQNo 
KTOL=O*OEO 
IF(ETA1 7 3 8 , 8 5 0 , 7 3 8  

C CHECK G A I F ;  T O L E R A N C E .  
c KTUL = M A X ( / K f L ~ J l S U B I + l  K(t*JISUBI/ / / K ( L t J l S U B l f  
C 

738 DO 740 w r w  
00 7 4 0  JTlrNC 
K Z = I K I I , J )  
I F I K Z )  7 4 1 , 7 4 0 ~ 7 4 1  

DC=ABSICCI 
IF(DC-KTOCI 7400740,739 

741 C C = S A V K t I ~ J ) t ’ K l I , J )  

7 3 9  KTOL=GC 
7 4 0  COWTIYUE 

C 
C PRfiYT AREA,  
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SUBROUTINE D L I N I R , A , M , N , M M I M M , E P S , I E R ~ I C C D E )  
DIMENSION A1100),R(lQO) 
DOlJ6LE PRECISION R,A,PIU~TRITCLIPIVI 
OOUBLE PRECISION DABS,DSICN,DSGRT,O~AXL 
DOUBLE PRECISION P S A V I F O ~ l ) ~ P S S 1 6 0 1  
OItEJENSiON IPSA( 109 1) 

f F f M )  23*23,1 
100 FORHATt9014e5) 

c SEARCH FOR L A R G E S T  ELEMENT IN A.  
1 IER=O 

PI v=o. 3 3  
KKl=O 
I F 1 I COD E- 1 1 8 50 8 4  0 8 5 0 

850  CONTINUE 

C 
C 
C 
C 

C 
C 

C 
c 
C 
C 
c 

C 
C 

C 
C 

DO 3 L=lrPF4 

fF(TB-PIV) 3 , 3 9 2  
2 PIV=TB 

i=L 
3 CONTINUE 

TOL=EPS*PIV 

TB=OABS(A(L)) 

A i 1 1  IS TH€ PIVOT ELEPENT, PIV C O N T A I N S  THE 4 B S O L U T E  VALLE OF 
A ( [ ) .  

START ELIMINATION LOOP, 
L S T - 1  
DO 17 K=L,M 

T E S T  ON SINGULARITY. 
I F I P I V f  23923r4 

4 IFIIERI 7,517 
5 IF1PIU-TOLI 6,697 
6 lER=K-1 

PIVi=1000/AII) 
J=[I-lItN 
It =I-3 *M-K 
J=J+L-K 
I+K ROW INDEX, J+K CULUMrJ INDEX OF P i Y O T  ELEMENTI 

& I V O T  ROW REDUCTION AND R O W  I&TERCHANGE IN 
RIGHT HAND SIDE Re 

00 8 L=K*NM*M 
CL=t+I 
TB=PIVI*R1LL) 
RILL)=K{L) 

8 RIL)=TR 
PSAVIKVl)=PIVI 
IPSAIK1Z)=I 

IS ELEFINAffCN TERMINATED*.* 
IFlK-MI 9,18918 

COLUMN INTERCHANGE IN A . 0 .  



9 LEND=LST+P-K 
I F t J )  12r12910 

10 II=J+H 
DO 11 L=LSTpLEND 
TB-A(LJ 
CL=L+I I 
A ( !..)=AI LL 1 

11 A f t L ) = T B  
C 
C 
C ROW INTERCHANGE AN0 P I V O T  RQW REDUCTION I ; J  A s  

1 2  DO 13 L=LSTTK!YVFI 
Li=L+I 
TB=PfVI*A(Ltt 
A ( L L ) = A ( L )  

13 A ( L ) = T B  
C 
C SAVE CELUMN INTERCHANGE INFORHATION.** 

c 
C ELEHENT REDUCTION AND N E X T  P I V O T  SEARCH*.* *  

A f L S T ) = J  

PIV=O*DO 
L S T = L S T + l  
J=O 
DO 16 I I i L S T 9 L f N O  
P I V f = - A ( L I  1 
K K l = K K l + L  
PSS(KKL)=PIVI 
IST=I I %-M 
J=J+l 
DO I§ L = I S f 9 Y E ” g M  
tL=L-J 
A(L)=AILI+PIVI*A(LL) 
T8=DABS(AIL)) 
IF(’IT6-PIVl 15,15,14 

14 P’IV=TB 
I =L 

15 CONTINUE 
00 16 L = K T N N ~ P  
LC=L+J 

16 RQLt)=~ILL)+PIVI~R(L) 
17 CST=tST+M 

C END OF E L l Y I N A T I O N  LODP.**+* 
c 
C BACK SUBSTITUTION AN0 B 4 C K  I N T E R C H A N G E *  

18 I f t M - 1 )  23p22~19 
19 iST=MM+P 

LST=EI+1 
DO 2 1  IsZtFJ 
I I=LST-I 
IST=IST-CST 
L=IST-Y 
L = A t L ) + * 5 D O  
DO 21 &lI[tN)l”rf’l 
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SUBROUTINE L Y P f I G ~ f ~ S + R R ~ R I ~ V ~ P ~ I N T ~ I S S r l , N 1 N 2 , C K T O L ~ I C K ~ I S Y ~ ~ I ~ ~ ~ )  

11 
C IF P & T = O  I N I T I A L I Z E  
C I F  ISS=O THEN STEADY STATE CALCULATIONS 
C XSS=l NEH S 
c I SS=Z NEW T 
C € 55=3 BOTH 

DOUBLE P R E C I S I O N  K B I L 0 ~ 1 0 ~ ~ D D U M ~ 1 0 ~ 1 0 l r E f A 1 1 0 t 1 0 1 2 1 , 0 0 U H A ~ l ~ ~ l ~ ~ ~ V  

DOUBLE PRECISION E E ( l O O ) ~ E F ( L O O )  
DIMENSION D U ~ f 1 0 ~ 1 0 ~ ~ D U M A ~ 1 0 ~ 1 ~ ~ ~ R ~ ~ ~ ~ ~ ~ R I ~ l O ~ , k k ( l ~ l ~ 4 ~ ~ X R ~ l ~ ~ ~ ~ T ~  

DOUBLE PRECISIOPl R R , R I , X R , X I r W U , V R , V I , T T  
DOUBLE PRECISION OUM*DUMA 
OOUSCE P R E C I S I O N  ROOTR,RCOTI 
DOUBLE PRECISION Skl 
DOUBLE PRECISION A L * A 2 1 A 3 , A 4 p A S r A S  
DOUBLE PRECISION SJJR,SJJI,A,BiC,D 
DOUBLE PRECISION Sl~S11tS2rS21rTl,T2 
O I H E N S i O N  S I L O ~ l O l ~ F ~ L O ~ 1 O ~ ~ P I l O ~ l ~ ~ ~ I ~ O ~ ~ l O ~ 2 ~  
EQUIVALENCE I D U M ( l , l ) , O D U C ( l ? l ) ) ,  ( C U M ~ ( l , l ) , C C U M a ( L r l )  1 

1 I N ~ L O , L O I , V ~ 1 O ~ l O ~ , S ~ ~ l O , l ~ ~  

LlOf,VR~10l,VIi10~ 

800 F O R M A T I  A X ,  L O G L 2 . 4 )  
850 FORMAT! t X 9 I O 1 5 )  
900 FOR#ATILX, lOD13 .51  

IFiINTI 8 7 , 5 , 8 7  
5 CONrINUE 

I AA=N 
C CALCULATE EIGENVALUES 

DO 7 I = l , N  
00 7 J=1,N 

7 DUWII,3)=FII,J) 
l.3210 

L l = 3 0  
IPRNT=O 

CALL HESSEN(F,OUMrN,L3) 

CALL QREIG~DU~,N,RR?RI,JPRYT1L1) 

NR=O 
N R R = N + l  
DO 2 0  I=L,N 
T T = R I  I I 1  
I F I T T I  LSt10r15 

DUMiYRpL)=RR(I) 
DUHIKR,2l=RI(I1 

C REORDER EIGENVALUES, F I R S T  NR kIL1 BE R E A L .  

10 NR=NR+l 

GO 10 20 
1 5  NRR=NRR-L 

DUM4 NRR 9 1 )=kR I I 1  
D U M I N R R e 2 ) = R I I I )  

DO 22 f=l,N 
R R ( I  l = D U l v  f I p l )  

22 HIII?=OUM[I,ZI 

20 CONFINUE 

C CALCULATE EIGENVALUES 4Nfl FORMULATE V o  



60. 

I RON XR X i  VR V I  RCOTK 
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62. 
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SUBROUTINE R I H U L T I b l + A 2 r A 3 r A 4 9 4 5 p A 6 )  
DQUBLE P l t E C I S I f l N  A L v A 2 v A 3 r A 4 ~ A 5 r A b  

C A S = R E ( I A l + J n 2 ) * ( A 3 + J A 4 ) 1  
c A 6 = T M ~ ( A r + 3 4 2 ) + ( A 3 + J A 4 ) )  

A 5 = A l * A 3 - A 4 + A 2  
AS=AL*A4+82*A3 
RETURN 
END 



72.  



73 - 
E S Y 5  5 2 G  
E S Y 5  5 3 0  
G S Y 5  5 4 0  
F S Y 5  5 5 3  
E C Y 5  5 6 0  
E S Y S  57tl 
E S Y 5  5t<O 
C S Y 5  590 
F S Y S  hC(3 
E S Y S  610 
E S Y 5  h 2 J  
E 5 Y 5  6 3 9  

34 
30  

35 

36 
37 

38 

39 
41 

42 
40 

43 

100 
101 

E S Y S  6 5 0  
:i':Y5 6 6 3  
i r Z Y S  6 7 0  
E S Y S  6 F f J  
E S Y S  69'1 
F S Y S  7 c o  
E S Y 5  710 
E S Y 5  7 2 0  
E S Y 5  7 3 0  
E S Y 5  74C 
E 5 Y 5  756 
E S Y 5  76ci 
E S Y 5  7 7 c  



74 * 
E S Y 4  0 
F S Y 4  1 0  

E S Y 4  2 3 1  
E S Y 4  24 ‘  
E S Y 4  2 5 i  
1 S f 4  2 6 ,  

i S Y 4  3c t  
F S Y 4  3 1 ,  
f S Y 4  3 2  
E 5 Y 4  3 3  
F C Y 4  3 4  

F E Y 4  41t 
E S V 4  4 5  
r : s Y 4  4 6  
E C Y 4  47 



75 
E S Y 4  430 
ESY4 4 9 0  
E S Y 4  5CJ 

E S Y 4  5 2 0  
ESY4 5 3 0  
E S Y $  540 
fSY4 5 5 0  

E S Y 4  580 

E S Y 4  610 
E S Y 4  6211 
E S Y 4  6 3 0  
E E Y 4  6 4 0  
ESY4 6 5 0  
E S Y 4  660 

E S ' Y 4  680  

E S Y 4  7CO 

FSY4 720 
E S Y 4  7 3 0  

4 S Y 4  7 7 0  
E S Y 4  780  
E S Y 4  770 
E S Y 4  0 2 0  
E S Y 4  8 1 3  
E S Y 4  820 
F Z Y 4  8 3 0  
E S Y 4  8 4 0  

E S Y 4  d 6 0  
E S Y ~  a5c; 

f S Y 4  GI0  
k s Y 4  *i2!J 
F s Y 4 '; 3 I1 
E S Y 4  9 4 3  
E S Y 4  950 
E S Y 4  960 
E S Y 4  973 
E S Y 4  3 H J  
E S Y 4  490  
F S Y 4 1 C C 3  
E 9 4 1  iji0 



76 9 

ESY4102O 
ESV41C30 
rr 5 'I 4 1 C4iI 
ES 'v41CSC;  
E S \r 4 1 C 5 CJ 
E S Y  4 L370 
E S Y 4 1  C 8 C  
E S Y  4 1 OCIC 
E 5 Y 4 1 113 i l  
E S Y 4 11 1 '., 

5 

52 
5 

601 

BO 

04 

05 
07 

E S Y 4  114C 
f S Y 4 1 1 5 ;  
F C Y 4 L l S f  
ESY4117C 
5 S Y 4 1 1 t! !- 
E S Y 4 1 1 9 C  
FSY412C'. 
ESY4121C 
E S Y 4 1 2 2 '  
F S Y 4 1 2 3 i  

E S Y 4 12 6:.  



C 

77 * 

ESY3 l i  

E S Y 3  3 i  
E S Y 3  4:- 
E 5 Y 3  5 i  
FSY3 6C 
E S Y 3  71 
E S Y 3  8 :  

E S k 3  1c: 

E S k 3  12i 

E S Y 3  14C 
E S Y 3  15C 
E S Y 3  1oi  
E S Y 3  17; 
E S Y 3  18( 
E S Y 3  l9C 
E S Y 3  20C 
E S Y 3  z1c 
E S Y 3  22'; 
F S Y 3  2 3 '  
E S Y 3  2 4 ;  
E S Y 3  25; 
C S V 3  26: 

E C Y 3  281 
E S Y 3  2q.r 
F S Y 3  3 3 :  
E S Y 3  31 . '  
E S Y 3  3 2 ;  
E S Y ?  33':  
E S Y 3  34; '  
! ? S Y  3 ' 3 5 L  
E S Y 3  3 6 i  
ESY3 37.. 
E S Y 3  38t.l 
F S Y 3  3';i 
E S Y 3  /+si 

E S Y  3 2 r!: 



c 
c 
c 
c 
G 
C 

50 

~ O ~ ~ ~ M  TO SQUARE THE A M A T R I X .  THE Y A T R I X  M U S T  U E  O R I G I I ~ A L L Y  
e I F  T Z  IS NON-LERO9 A SQUARED K I L L  B E  S T O R E D  G N  T 2 p  A N D  6 

BE A 3UFfER WHICH M U S T  HAVE A T  L E A S T  2 5 0  wOR5Se I F  T 2  I S  
EROfi A SQUARED WILL BE I N  E HHICH NUST B E  N M A X  BY N M A X e  



79 
SUBROUTINE EIGVEClIVCv Ar 89 W O  IROW, X R 9  X I 9  V K s  V I 0  ROUTREp E S Y l  t 

11 ROOTIE9 NE9 N M A X ,  T2+. s w l 9  COUNTEe ERRVPPM) ESYl 1 c  
I SUBROUTINE T O  FIND THE E I G E N V E C T O R S  OF A N O N - S Y V b E T R I C  M A T R I X  E S Y l  2L 

BY A MOUZFlEO MILKlYSON*S INVERSE lTfRATION PETHOOe E s Y 1 3 2 :  
* CONTROL I V C  CODE IS 5 S Y L  4 :  
* 1 FINO ONLY THE REGULAR EIGENVECTORS ( A  X = LAMBDA X )  = S y l  5C 
,0 2 FINO ONLY THE TRANSPOSED EIGENVECTOSS ( A T  V = C 4 P R D 4  V l C S Y L  61. 

3 F I N O  BOTH TYPES OF EIGENVECTORSe ESYL 7 %  
* 

,. 

DIMENSION 8 ~ 1 0 ~ 1 0 ~ ~ W ( 1 0 ~ 4 ~ ~ X R ( l O ~ r X I 1 1 0 ) o V R o , V T ~ l ~ ~  
DOUBLE PRECISION DASSqDSIGNeCSQRT,DPAXl 
DOUBLE PRECISION ROOTR,RCOTI~RQUTRE9R00fIE1TEMf9TE~~’? 
OOUBLE PRECISION AMAXtC1qCZwSWL 
DOUBLE PRECISION H,XRqXZ,VR9VI,B 
OOlJPlLE PRECISION ZEROIDCERR 
OIMENSfON A110~101rIROH(10p4) 
INTEGER COUNT, COUNT€, T 2  
IQL=1  
103.53 
ROOTR = ROOTRE 
ROOTI = RCOTIE 
N = NE 
nlvl = PHM - 1 
N l = N - 1  
NPL = N + I 
Z V C l  = TVC - 1 
I V C 2  = IVCL - L 
COUNT = 1 
DO 400 I T L ~ ~ J  
M t  1, P 9=O*ODO 
XR[I)=UeODQ 

400 GONrINUE 
CClH = 1eOE-4 
%FIROOTT) 1 0  609 1 

C 
C COMPLEX EIGENVALUE. 
c 

1 TEMP = - RCGTR - RUOTR 
I S W  = 2 
T E M P 2 = R O O T R + R C O T R + R O O T I ~ ~ ~ ~ ~ I  
49 = 3 0 0  
DO 606 1 = I p  N 
I F I T Z )  6009 603, 600 

600 00 602 J = 1 9  N 
J * J J + 1 1  

I F [ J J  2 5 1 )  6029 6019 601 

R E A D  (T29 I b i ( L L , l ) ,  LL = 1 ~ 2 5 0 )  

GO TU 6 C S  

601 JJ = 1. 

602 B # I o J $  = ~ ~ ~ ~ ~ j % T E ~ P  + ~ ~ ~ ~ ~ 1 )  

603  DO 604 J .= ] L o  N 
I [ * $ )  = A(I,JI*TEMP -I- B ( I o J 1  
E o I )  = S ( 1 9 E )  + TEMP2 

606 A i I s I )  = A ( I p f 1  ROOTR 
IF1T2 StrlF. O f  REM 

F 5 Y l  21J 
F S Y l  2 1  
“ S Y l  2 2  
E S Y l  2 3  
f S Y 1  2 4  
E S Y l  2‘5 
E S Y l  2 6  

E C Y l  2 8  
F S Y l  2 1  
E S Y l  3 c  
E 5 Y 1  3 1  
E S Y l  3 2  
E 5 Y l  3 3  
F S Y l  3 4  
? , C Y 1  35 
E S Y l  36  
E S Y l  37 
F C Y L  3 8  
E S Y l  3 9  
E S Y l  (ti; 

E S Y l  4 1  
E S Y l  4 2  

E S Y I  1C‘ 



E S Y l  4 3 0  
E S Y I  4 4 0  
E 5 Y 1  454.2 
E 5 Y l  4617 
E S Y i .  4 7 3  

E S Y l  4 9 0  

f S Y l  5440 
F S Y l  5511 
E S Y l  ssc) 
E S Y l  5 7 3  
E S Y l  5 8 0  

E S Y l  6C3 
E S Y l  613 
E S Y l  623 
E S Y l  0 3 0  
f S Y l  6 4 )  
F S Y l  h S 3  
F S Y l  651’) 
E ’ Y 1  6712 
F S Y l  5i3i-j 
E S Y l  690 
F 5 Y l  7 c 3  
F Z Y 1  7 1 7  
E S Y X  7242 



81. 
E S Y l  910 
E S Y 1  9211 
F S Y l  930  
E S Y 1  9 4 0  
E S Y l  ci5u 
E S Y l  962 
E S V l  970 
E S Y l  989 
E S V L  9 9 0  
€ S Y l  l C C 0  
E S Y L L C L O  
ESY11020 

ESL11C40 

E S Y  1 LGh3 
E S L 1 1 i; 73 
E s Y i i c a o  
EsYiiagii 
ESY11103 
E S V l l l l O  
E S Y 1 1 1 2 U  
E S Y 1 1 1  3:j 
ESVlll40 
E S Y  1 I150 
E S Y  1 1  160 
ESYL1173  
E S Y l l l S O  
E S Y  11190 

E S Y l l 2 l U  
!:CY11220 
E S Y 1 1 2 3 i 3  
ESY1124 1 

E S Y  1.1253 
E S Y  11260 
ESY11273 
E S Y 1 1 2 8 0  
ESY1129‘ j  
E S ~ 1 1 3 C O  
E S Y 1 1 3 2 0  
E 5’41 132C 
ESY11330 
E S Y  1 1 3 4 0  
F S Y 1 1 3 51.! 
f=SYlf36G 
f:SY 11370 
E5Vl1389 
E S Y 1 1 3 9 0  
E S Y  1 1 4 C ;  
E 5 Y 1 14 1 il 

CSYl142rJ 



82. 

E S Y 1 1 4 X  
FSY 1144i:  

E S Y 1 1 4 6 i  
E S Y  1147C 
E S Y  1 L48C 

FCY11451: 

648 ERR = CERR 
COtlhJfE = COUNT 

.t 

a REAL ElGENVECTURSo 
I 

6 0  Isti = I 
DO (55l T = 19 N 
DO 650 4 = I p  N 

I 

a SINGULAR M A T R I X e  
.- 
680 ~ ~ ~ K ~ ~ 2 ~  6 8 1 ,  6839 481 

6 8 3  DO 484 L = 19 N 
684 VI(LI=OsODO 

GO TO 5 1 1  
a 

# 01 SINGULAR, 
e 

Y C 2 )  6 5 3 9  4549 6 5 3  
54 L = 19 N 

V C I )  6 5 4 9  5009 6 5 6  
57 L = I s  N 

.0 

4 E REAL VECTORSe - 
J 

65  

89 6 6 2 9  6 5 8  
658 

C2=0aODO 
DO 660 t = 
TfMP=Di38S(X 
PFiTEHP Ci) 6409 660p 6 5 9  

c2 = X I ( L 1  
5 9  61 = TEMP 

E f Y l l 5 C C  
FSY1152C 
E S Y  1 1 W  
E S Y  1153C 
E S ' f 1 1 5 4 r  
'=_SY1155C 
ESY1156': 
E S Y 1 1 5 7 ~  
E S Y 1 1 5  3 :: 
EsYl159.- 
E S Y  1 lhCC 
I? S Y 1 16 1 C 
E E Y 1 1 6 2 1  
E S Y 1 1 6 3 ( .  
E S Y  11s4c 
E S Y 1 1 6 5 ;  

E S Y  1167 i  
E s Y 1 1 58:: 

E S Y 1 1 7 C C  
Z S Y 1 1 7 1 C  
E S Y  1172r  
E S Y 1 1 7 3 C  
ESY1174C 
E S Y 1 1 7 5 1  

E S Y l l R C f  
F 5 Y l 1 8 1 C  
E S Y 1 1 8 2 i  
ESY1183'. 

ESYL185i 

F s Y 1 1 e. I ( .  



f 5 Y 1 2 C 1 0  
f 5 Y  1 2 c 2 3  
IT-SY 12c3r)  
E S Y  1 2 C 4 3  
E c Y  1 2 ~ 5 9  
E S Y  1 2 6 6 9  

E S Y 1 2 1 3 0  
E 5 Y 1 2 I 4.3 

E S Y l 2 1 6 0  
E S Y  1 2 1  70 
F S Y 1 2 1 8 3  
FSY 1 2 1 9 0  
FSY 122CO 
F S Y 1 2 2 1 3  
F S Y 1 2 2 2 0  
ESY1223rJ 
E S Y  127.40 
F S Y 1 2 2 5 g  
E 9 1 2 2 6  3 
t C Y 1 2  2 713 
F s Y 12  2 8 0  
ESY1239r3 
E S Y 1 2 3 C . l  
ESY 1 ?3 1:) 
E S Y  t 2 3 2 ’ 1  
F S Y  L 2 3 N  
E S Y 1 2  3 4 ~ ’ l  
E S Y 1 3 3 3 5  
F S Y L 2  364 
t 5 Y I [ 3 7 
E S L  I T 3 P : l  
FCY 1 2 3 4 9  
E C: Y 1 2 4 i c )  
E S Y 1 2 4  I. ;I 
E S Y 1 2 4 2 9  



84. 

ESYl2470 
ESY12480  
E S Y  12490 
E S V 1 2 5C; il 
E S Y 1 2 5 1 i l  
fSY12520  
E S Y I . 1 5 3 0  
E S Y 1 2 5 4 0  
E S V 1 2 5 5 0  
E S V  12560  
ESY1257r )  
ESY12580 

E S V  126CO 
E S Y  12619 
F S Y I2620 
E T Y  12633 
E S Y  12640 
ESYL2650 
E S Y  12660 
ESY12670 
fSY12680 
E S Y  1269C 
E S L 1 7 7 G C  
E S Y L 2 7 l C  
E S Y  1272C 
E S Y 1 2 7 3 C  
E 5 Y  1274C 
E 5  Y 1275C 
E S Y  1276:: 

E5Y1278C 
E S Y  12791: 
E S Y  I2tlCC 

ESY1282 ‘  
E S Y 1 2 8 3 C  
ESY 1 2 9 4 c  
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? 


